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1. Prefatory note 


The litter layer (L.) consists of leaves, twigs, bark and fruits fallen on the soil surface. The 
leaves are the major part of all these components. As no investigations on litter fungi had been 
carried out so far in Greece, the mycoflora and changes of leaf litter of the site-dominant plant 
species were investigated. 

The aims of this study were (a) to observe the succession and seasonal variation of the principal 
fungal species and (b) to find out changes in the leaf litter during decomposition. 


2. Material and methods 


2.1. Study area 


The observations were made in an area 50 X 20m at an altitude of 520 m near Polygyros in N. Greece. Its longitude 
and latitude are 23° 26' 39" E and 40° 21’ 25" N respectively. Soil inclination is 20 96. Soil exposition is northeastern. 
Soil depth is less than 1 m. The soil is classified as typic calcixeroll. The parent rock is phyllite. The region has a 
climate with a mean annual rainfall of 587 mm and a mean annual temperature of 13.7 °C. The climate is characterized 
by an extended warm and dry summer period. The rains fall mainly during winter. The predominant plants of the area 
are the evergreen shrubs of the Orno-Quercetum ilicis association, Arbutus unedo L., Quercus coccifera L., Phillyrea 
latifolia L. and Cistus incanus L. (PAVLIDES et al., 1985). The non-decomposed litter (L layer) ranged from 2—3 cm in 
depth. 


2.2. Collection of samples for fungal analysis 


Leaves of C. incanus, A. unedo and Q. coccifera were collected in quadrangular baskets on 14 Oct. 1981. These 
samples were enclosed in 90 nylon net bags and pirined to the ground. 15 such bags were taken from the field at each 
sampling date, viz. 14 Oct. 1981, 19 Jan. 1982, 18 April 1982, 14 Oct. 1982, 19 Jan. 1983 and brought to the 
laboratory. The leaf impression method was applied to these samples. 

Also leaves of the above plant species were collected on 10 Febr. 1985. These samples were put in 45 € bags 
and pinned on the soil surface in the stand. These litter samples were investigated by the methods referred to below. 


2.3. Leaf impression 


For the study of resident and transient fungi, 20 abaxial and 20 adaxial leaf surfaces, for each plant species, were 
lightly and momentarily pressed against a thin layer of 2 % malt extract agar (RAPER & THOM, 1949) plus 100mg x 1—! 
streptomycin and 5 mg x 17! penicillin. The dishes were incubated at 25 °C for 7d, after which the abundance of each 
fungal species was observed by a steromicroscope. 


2.4. Plating of washed particles 
48 pieces of leaf litter, 5mm in diam., from each plant species, were placed in flasks containing 100 ml sterile 
distilled water, shaken in 20 changes of sterile distilled water, 5 min per washing and plated out 4 per plate on 2 % malt 


extract agar plus antibiotics. The first 5 changes of water contained one drop of tween 80. After 15d incubation at 
25 *C, the colonies devéloping around the plated particles were isolated and subcultured. 
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2.5. Plating of surface-sterilized particles 


48 pieces, 5mm in diam. , of leaf litter were first surface sterilized in HgCl» solution (0.1 % m/v) with 5 % ethanol 
for 1min. Then, the pieces were washed with sterile water by mechanical shaking and transferred to Petri dishes (4 
particles/dish) of 2% malt extract agar with antibacterial agents. The plates were incubated at 25 °C and examined 
after 15d. 


2.6. Damp chamber incubation 


48 dead leaves, of each plant species, were incubated on moist filter paper, without free water in Petri dishes (4 
leaves per plate). The plates were kept at 25 °C and observations with a stereomicroscope were made daily for 30d. 
Isolations and subcultures were made from the in situ noted fungal forms to appropriate agar media. 


2.7. Spore fall technique 


Leaves were attached by their abaxial or adaxial surface (10 of each) by vaselin to the lids of Petri dishes above 2% 
malt extract agar. The resulting colonies developing on 2% malt extract agar after 96h at 25 °C were examined. 


2.8. Sampling of the air mycoflora 


Ten Petri dishes containing 2% malt extract agar were exposed in the stand at 3m above ground for 5min. The 
dishes were incubated at 25 °C for 15d in the laboratory before examination. 


2.9. Microscopic examination of tape impressions 


Pieces of double-adhesive adhesive scotch tape were placed on microscopic slides. 32 dead leaves were pressed 
abaxially and adaxially firmly onto the tape and then removed. The tapes were stained with lactophenol-aniline blue, 
rinsed thoroughly under running water, and examined microscopically (LANGVAD, 1980). 


2.10. Litter fall sampling 


Freshly fallen litter was collected every month from 14 Oct. 1981 to 19 Jan. 1983. Fifteen 625 cm? litter traps were 
randomly positioned 10cm above the soil in the stand. The total collection area was 0.9375 m°. The 25 x 25 x 30cm 
collection baskets had 1 mm mesh screen bottoms. Litter from each collection was oven-dried at 60 ^C for 48h. After 
drying, the components of the litter from each basket were separated according to species: Q. coccifera L., A. unedo 
L., P. latifolia L., F. ornus L., J. oxycedrus L., etc. Each of these components was removed each month, weighed and 
combined with the same components from all baskets. Then, absolute quantities in kg per 1,000 m? per year, 
subdivided into 3 month-periods, were determined. 


2.11. Examination of litter breakdown by the nylon bag method 


Leaf litter of C. incanus, A. unedo and Q. coccifera collected from the stand before 19 Jan. 1982, was brought to 
the laboratory, where it was dried at 60 °C for 48h to constant mass (m,). Then, 1.5—2g of dried leaves were put in 
nylon net bags 6 X 10cm size, about 50 um mesh (GILBERT & Bocock, 1962). The bags were closed, labeled and put 
on the soil surface in the stand on 19 Jan. 1982. During an 18 Month-period, 10 bags of each species were removed at 
3 months intervals, and their contents dried at 60 °C for 48h. After determination of dry masses, the samples were 
ashed at 600 *C for 8h and reweighed. 


2.12. Physical and chemical analysis of leaf litter 


The leaf litter was ground using screens having holes 2—3mm in diameter. 

The ground litter was ovendried at 105 *C and the percentage dry matter was determined. 

The pH was determined electrometrically in a 1:2 (litter/water) suspension. 

The soluble tannins were determined according to ALLEN et al. (1974). 

The gross energy of the substances was measured in joule, as estimated when they were completely oxidized in a 
bomb calorimeter (HARRIS, 1970). 

The ash and organic matter were determined by ignition of the samples at 600 *C overnight to burn off all organic 
matter. 

The total nitrogen was determined by microkjeldahl digestion. By multiplication of the percentage of nitrogen by 
6.25, the percentage of crude protein was calculated. 

The cell walls were determined by the detergent fiber method according to HARRIS (1970). The difference between 
the percentage cell walls and 100 was the cell content. A high percentage of cell contents is a good index of high 
nutritive value of a feed. 

Finally the lignin was determined by the acid detergent method of Harris (1970). 
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3. Results 


3.0. General 


The results obtained with impression slides are shown in fig. 1. 25 species of fungi were isolated 
by the impression method, including 2 species of Ascomycetes, 3 species of Zygomycetes and 20 
species of fungi imperfecti. 


3.1. Succession of fungi 


Fungi found on the litter only at the beginning or middle of the investigated period but 
dissapearing later include, Acremonium strictum W. Gams: On C. incanus and A. unedo. The 
orange sterile mycelium: On A. unedo and Q. coccifera, Alternaria alternata (FR.) KEISSLER 
and A. tamarii Kita: On C.incanus, A. versicolor (VUILL.) TIRABOSCHI, A. fumigatus FRES., 
Cladosporium cladosporioides (FRES.) DE VRIES and white sterile mycelium: On Q. coccif- 
era. 

Fungi not found at the beginning, but found the middle of latter periods were: Aspergillus 
alliaceus THOM. et CHURCH, Penicillium chrysogenum Tuom, and A.candidus LINK: On 
C. incanus and A. unedo. Gliocladium virens MILLER, GIDDENS et FOSTER and P. simplicissimum 
(OupEM.) THoM: On A. unedo and Q. coccifera. Sordaria fimicola (RoB.) CES. et DE NOT., 
P. citrinum THOM. Orange and black sterile mycelia: On C.incanus. A. fumigatus, 
A. versicolor and P. canescens Sopp: On A. unedo, A. tamarii and Chaetomium globosum KUNZE: 
On Q. coccifera. 

Other fungi, not referred to above, were found on litter throughout the investigated period. 


3.2. Seasonal variations of fungi 


The dominant fungal species with abundance above 10 ?6 in some sasons were: A. flavus Link, 
A. niger VAN TIEGHEM, C. cladosporiodes, Mucor hiemalis WEHMER, P. frequentans WESTLING, 
P. funiculosum THOM, P. verrucosum DrERCKX, Rhizopus stolonifer EHRENB. and Trichoderma 
pseudokoningii RIFAI aggr. 

Fungi with abundance less than 5 % in all seasons were: A. strictum, A. alternata, A. alliaceus, 
A. candidus, A. clavatus DESM., S. fimicola, Ch. globosum, M.racemosus FRES. f. racemosus, 
P. chrysogenum and sterile mycelia. 

The maximum period of abundance of fungal species was as follows. In spring A. tamarii, 
P. canescens, P. frequentans and white sterile mycelium were predominant, while in summer 
A. clavatus, A.flavus, A. fumigatus, Ch. globosum, C.cladosporioides, T.pseudokoningii and 
black sterile mycelial form were most frequent. In autumm A. alliaceus, A. niger, A. ver- 
sicolor, M.racemosus f. racemosus, P. chrysogenum, P.citrinum, P. simplicissimum, P. ver- 
rucosum and an orange sterile mycelial form were common, while in winter A. strictum, 
A. alternata, A. candidus, S. fimicola, G. virens, M. hiemalis, P. funiculosum and R. stolonifer were 
frequent. 

The results obtained with the other techniques are summarized in table 1. 

The resident fungal species of leaf litter of the 3 plant species were, C. cladosporioides, 
M.racemosus f. racemosus and T. pseudokoningii. These fungi may be considered as internal 
colonizers. 

By the application of the damp chamber method, the species Microthyrium ilicinum DE Nor. 
appeared only on leaves of Q. coccifera. 

The spore fall method gave 12 fungal species including A. alternata and A. flavus. 

The heavy sporing species recovered by this method, were the same as the resident fungi 
referred to above. è 

The air mycoflora sampling gave 16 species among which Alternaria alternata, Cladosporium 
cladosporioides and Trichoderma pseudokoningii were most abundant. 

The yeasts Cryptococcus sp. and Rhodotorula sp. were detected by application all methods, 
except the incubation in damp chamers. However the latter method detected Aureobasidium 
pullulans (DE BARY) ARNAUD. 
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Fig. 1. Seasonal fluctuation in the abundance of the species recorded from Oct. 1981 (X) to Jan. 1983 (I) on ——— 
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Several species not identified appeared on tape impressions but did not grow on agar media. 
Also by the application of this method the mycorrhizal fungus Glomus fasciculatum (THAXTER) 
sensu GERDEM. et TRAPPE, appeared on dead leaves of A. unedo. S/Ch. funicola COOKE, 
Zygosporium gibbum (Sacc., Rouss. et BOMM.) HUGHES, and Microthyrium ilicinum appeared by 
the same method on litter of Q. coccifera during the first stages of decomposition. 


3.3. Leaf litter production 


Data on leaf litter production are summarized in table 2. 

The leaf litter produced in the year from 14 Oct. 1981 to 14 Oct. 1982 was 
311.91kg x 1,000m~?. 

The shedding of leaves showed 2 peaks. The maximum litter quantities were deposited between 
18 April 1982 and 18 July 1982. Between these dates 48.6% of the yearly total was deposited. 
Between 18 July 1982 and 14 Oct. 1982 23.91 % of the annual production fell and between 19 Jan. 
1982 and 18 April 1982 17.49% of annual amount was deposited. . 

The greatest proportion of the leaf litter was produced by Q. coccifera (50.5095), followed by 
A. unedo (30.85 95), P. latifolia (15.08 96), Juniperus oxycedrus L. (1.58 96) and Fraxinus ornus L. 
(1.4296). These data correlate with the density of the plant species in the vegetation (PAVLIDES 
et al., 1985). Also all these plants are evergreen sclerophyll shrubs, except for F. ornus which is 
deciduous and had its peak of leaf fall between 14 Oct. 1981 and 19 Jan. 1982. 


3.4. Leaf litter decomposition 


The maximum loss of dry mass (13.28%) in 1982 of leaves of C.incanus, A. unedo and 
Q. coccifera occurred between 18 April and 18 July (fig. 2). This was followed by the average 
mass loss of litter of the 3 plant species during the first 3 months (10.95 %). Also the amount of litter 
decreased more rapidly in 1982 than in 1983. Thus, during the first 6 months of the first year the 
mean decay was 24.23 ?o and only 12.36% in the first 6 months ef the second year (fig. 2). 

The xeromass loss after 545 d was 60.23 % for C. incanus, 48.74 % for A. unedo and 38.30 % for 
Q. coccifera (fig. 2). 
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Table 1. Abundance (%) of fungi isolated from leaf litter of C. incanus (C.i.), A. unedo (A.u.) and Q. coccifera (Q.c.), by serial washing, surface sterilization, incubation in damp 
chambers, spore-fall, leaf impression and air mycoflora sampling method (during the sampling on 10 Febr. 1986) 


Fungal Species Plating of washed Plating of surface Incubation in Spore-fall Leaf Air Mycoflora 
particles sterilized particles damp chambers technique impressions 
Abundance % Abundance % Abundance % Abundance % Abundance % Abundance 96 


CL Aw Qc Ch Aw Qc Ci AM Qc Ch Aw Qc Ci Au Q.c. 


Acremonium strictum 3 2.6 
Alternaria alternata 11.8 8.8 8.6 40 26 54 333 5.9. 15.2 TT 15.0 5: 
Aspergillus alliaceus 1 
A. candidus 

A. clavatus 1.8 
A. flavus 59 $9 $7 20 25 $4 61 39 50 18 
A. fumigatus 1.6 
A. niger 39 29 357 40 26 2.7 1.8 02 G1 39 50 35 
A. tamarii 1.8 
A. versicolor 3.9 29 5.7 2.6 3:5 
Chaetomium globosum 2.0 2.0 26 

Cladosporium cladosporioides 21.6 17.7 200 180 132 
Gliocladium virens 

Microthyrium illicinum 98.3 
Mucor hiemalis 3i 
M. racemosus f. racemosus 31. 
Penicillium canescens 

P. chrysogenum 3.9 

P. citrinum 24 30 39 5.0 
P. frequentans 

P. funiculosum 30 3.9 

P. simplicissimum 

P. verrucosum 30 39 50 
Sordaria fimicola 
Rhizopus stolonifer K 
Trichoderma pseudokoningii 11.8 11.4 280 237 13.5 70.6 15 91 1L6 5.0 140 103 4. 
Orange sterile mycelium 16.7 2.6 
Black sterile mycelium 26 23 
White sterile mycelium 20 29 29 20 26 27 11.8 0. L8 26 46 
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Table 2. Litter production (kg X 1,000 m^?) in an Orno-Quercetum ilicis association stand measured in 3-month 
intervals 


Plant species from 14/10/81 from 19/1/82 from 18/4/82 from 18/7/82 from 14/10/82 
to 19/1/82 to 18/4/82 to 18/7/82 to 14/10/82 to 19/1/83 
Quercus coccifera 13.20 35.37 72.48 36.48 11.01 
Arbutus unedo 9.32 11.85 46.65 28.41 7.59 
Phillyrea latifolia 5.20 6.03 28.82 6.99 3.47 
Juniperus oxycedrus 0.53 0.67 2.87 0.87 0.52 
Fraxinus ornus 2.72 0.29 0.09 1.32 1.36 
Different plant species* 0.12 0.35 0.76 0.52 0.10 
Total 31.09 54.56 151.67 74.59 24.05 


* Erica arborea L., Clematis flammula L., Pistacia terebinthus L., Crataegus monogyna Jacqu., Paliurus 
spinachristi Miller, Pyrus anygdaliformis Vill. and Cistus incanus L. 


In table 3 the chemical composition of the litter is shown. The following conclusion can be 
drawn: 

The ash, nitrogen, crude protein, cell contents and pH follow the sequence Cistus incanus > Ar- 
butus unedo> Quercus coccifera. 


Table 3. Ash, nitrogen, crude protein, organic matter, carbon, C/N, gross energy, cell walls, cell contents, lignin, 
soluble tannins and pH of freshly fallen leaves in Jan. 1982* 


Plant species Ash N Crude Organic e CIN 
% % protein matter % 
% % 
Cistus incanus 4.97 2.07 12.94 95.03 42.76 20.66 
Arbutus unedo 4.01 1.79 11.19 95.99 43.20 24.13 
Quercus coccifera 3.56 ` 1.49 5:31 96.44 43.40 29.13 
Plant species Gross Cell Cell Lignin Soluble pH 
energy walls contents 96 tannins 
KJ-g! % % % 
Cistus incanus 19.59 25.16 74.84 8.91 1.57 6.98 
Arbutus unedo 21.14 32.99 67.01 18.32 3.14 6.81 
Quercus coccifera 19.76 43.57 56.43 20.45 2.91 6.76 


* (as a percentage of the initial xeromass of leaves) 


The contents of organic matter, carbon, C/N, cell walls and lignin follow the reverse order. 
The gross energy content and soluble tannins decrease in the sequence A.u. > Q.c. >C.i. 


4. Discussion 


The succession of fungi in decomposition of dead organic matter has been discussed by Gray & 
WILLIAMS (1971). 

There were few (3) resident fungal species. The rest of the species found may originate from the 
air or from the soil. 

The maxima of leaf litter production occur in seasons when the evergreen sclerophyll shrubs 
produce young leaves rejecting the old ones, that is in spring and autumn. Also the difference in the 
amounts of throughfall between seasons is primarily due to climatic fluctuations (temperature, 
rainfall, velocity of wind and snowfall). 

The highest percentage of decomposition observed between 18 April 1982 and 18 July 1982 is 
probably due to a favorable temperature and soil moisture. 
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Relative (%) loss of initial xeromass 


O: T—— CE 
19-1-1982 18-V11-1982 19-983 7 e-vil-1963 date 
18-Iv-1962 16-X-1982 18-1V-1983 
o s9 180 268 365 454 545 days 
Fig. 2. Mean relative (%) loss of the initial xeromass (against time) for C. incanus , A. unedo * ——-* T 
Q. coccifera ------ litter, and mean litter degradation , examined by nylon bag method, 1982— 1983. 
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In contrast the lowest mass loss between 18 July 1982 and 14 Oct. 1982 can be ascribed to an 
arid summer which caused desiccation of the litter. 

The great initial loss of litter during 19 Jan, 1982—18 April 1982, when the temperature is not 
very high, suggests that high amounts of rainfall during these months removed considerable 
amounts of soluble substances from litter. The comperatively lower weight loss observed in first 
6 months of 1983 may be ascribed to unfavourable weather conditions (lower rainfall). 

The differences in percentage decomposition of leaves of the 3 plant species examined under the 
same environmental conditions may be ascribed to the composition of the litter of these species, as 
the low tannin content and the low C/N and pH values which affect microbial activity favourably. 
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Synospsis: Original scientific paper 
VARDAVAKIS, E., 1988. The mycoflora, production and decomposition of leaf litter in an Orno-Quercetum ilicis 

association. Pedobiologia 32, 167—176. 

A qualitative and quantitative study was made of litter mycoflora of C. incanus, A. unedo and Q. coccifera on a site 
located in Chalkidiki (N. Greece). A total of 32 species, representing 17 genera, were isolated from the leaf litter (L.). 
The composition, succession, seasonal variation, dominant and resident mycoflora species (C. cladosporioides, 
M.racemosus f. racemosus and T. pseudokoningii) of C. incanus, A. unedo and Q. coccifera were recorded. The leaf 
litter deposition of different evergreen-sclerophyll shrubs was investigated. The different leaf litter decomposition 
rates of the three above mentioned plant species were correlated to their composition. 

Key words: Mycoflora, production, decomposition, Cistus incanus, Arbutus unedo, Quercus coccifera, litter. 
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